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I .  I N T R O D U C T I O N  

The l u n a r  s u r f a c e  m o b i l i t y  
ived b a s i c a l l y  c o n s i s t  o f :  

A .  

B .  

C .  

sy s t ems  as p r e s e n t l y  con- 

U n i t ,  The Ex t raveh icu la r  Mobi l i t  rhich w i l l  p rovide  
t h e  only  means o f  p r o t e c t i o n  a n d - s u r v i v a l  f o r  t h e  
a s t r o n a u t  d u r i n g  l u n a r  excur s ions .  For  t h e  e a r l y  
Apollo mis s ions  t h e  excur s ions  on f o o t  w i l l  be  t h e  
only  form of  s u r f a c e  e x p l o r a t i o n  and w i l l  b e  l i m i t e d  
t o  a ve ry  s h o r t  d i s t a n c e  from t h e  s p a c e c r a f t .  

The Lunar S c i e n t i f i c  Survey Module, which i s  planned 
f o r  t h e  post-Apollo pe r iod  and w i l l  p rovide  a means 
of  s u r f a c e  t r a n s p o r t a t i o n  w i t h  a 1 , 0 0 0  pound g r o s s  
payload c a p a b i l i t y  to a range  o f  approximate ly  8 k m .  

The Lunar F l y i n g  Vehic le ,  which i s  p r e s e n t l y  be ing  
s t u d i e d ,  and may have a va ry ing  payload c a p a b i l i t y  
depending on whether  a one or two man v e h i c l e  i s  
used,  amount o f  f u e l  a v a i l a b l e ,  r e f u e l i n g  c a p a b i l i -  
t i e s ,  number of  s o r t i e s  t o  b e  flown and o v e r a l l  
mi s s ion  o b j e c t i v e s .  

The o b j e c t i v e  o f  t h i s  memorandum i s  t o  b r i e f l y  d i s c u s s  
--lese m o b i l i t y  s y s t e m s ,  t h e i r  c a p a b i l i t i e s  and l i m i t a t i o n s  f o r  
t h e  manned l u n a r  e x p l o r a t i o n  program. 

11. D I S C U S S I O N  

E x t r a v e h i c u l a r  Mobi l i ty  Unit (EMU)*  

The Ex t raveh icu la r  Mobi l i t y  Un i t ,  which has i t s  own 
communications, e l e c t r i c a l  power, and environment c o n t r o l ,  
c o n s i s t s  of  t h e  fo l lowing  major sub-assemblies .  (1) 

1. P o r t a b l e  L i f e  Support Sys tem 
2 .  P r e s s u r e  Garment Assembly 

*EMU i s  con t inuous ly  being improveG and u p r a t e d .  
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SUBJECT: Lunar Surface  Mobi l i ty  Systems DATE: J u l y  10, 1967 
f o r  Lunar Exp lo ra t ion  - Case 232 

FROM: R .  Sehgal 

ABSTRACT 

Three forms of m o b i l i t y  systems f o r  t h e  l u n a r  

e x p l o r a t i o n  program, namely, ( a )  a s t r o n a u t  on f o o t ,  ( b )  use 

of t h e  Lunar S c i e n t i f i c  Survey Module (LSSM) , and ( e )  use  

of the  Lunar F ly ing  Vehic le ,  a r e  examined a s  to t h e i r  

range ,  c a p a b i l i t i e s ,  and l i m i t a t i o n s .  C e r t a i n  i n h e r e n t  advan- 

t a g e s  a r e  un ique ly  a s s o c i a t e d  wi th  t h e  Lunar F ly ing  Veh ic l e  

and i t  i s  sugges ted  t h a t  t h i s  should be g iven  s e r i o u s  

c o n s i d e r a t i o n .  
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3 .  L iquid  Cooled Undergarment 
4 .  Thermal Meteoroid Garment 
5 .  E x t r a v e h i c u l a r  Accessor ies  ( e . g . ,  boo t s ,  g loves ,  

v i s o r )  

The EMU p rov ides  up t o  4 hours  o f  cont inuous  separa-  
t i o n  ( 3  hours  of nominal miss ion  and 1 hour of  cont ingency)  
from t h e  s p a c e c r a f t  f o r  each excur s ion  b e f o r e  i t  has t o  b e  
recharged  (which takes approximately one h o u r ) .  

The Apollo Por t ab le  L i f e  Support  System (PLSS) cur -  
r e n t l y  weighs approximately 65 pounds* when f u l l y  charged and 
i s  c a r r i e d  on t h e  a s t r o n a u t ' s  back. T h i s  u n i t  c o n t a i n s  one 
pound of  oxygen ( . 9 3  pound u s a b l e )  s t o r e d  a t  900 p s i  and pro- 
v i d e s  oxygen and C 0 2  c o n t r o l  f o r  r e s p i r a t i o n  and c o o l i n g  f o r  
ave rage  work r a t e s  o f  1 , 6 0 0  Btu/hr .  It can accommodate peak 
work r a t e s  of  up to 2,000 Btu/hr f o r  p e r i o d s  o f  up t o  1 0  
minutes  and t h e  t o t a l  c a p a c i t y  f o r  c o o l i n g  i s  approximate ly  
4 , 8 0 0  Btu.  The c u r r e n t  e s t i m a t e  of  t h e  u s e  r a t e  of  oxygen i s  
approximately 0.26 l b / h r  a t  a work r a t e  of 1 , 6 0 0  Btu/hr .  
Usage a t  o t h e r  work ra tes  i s  assumed t o  b e  p r o p o r t i o n a t e .  The 
PLSS u n i t  a l s o  p rov ides  P res su re  Garment Assembly p r e s s u r i z a -  
t i o n  of  3.85 + 0 . 1 5  p s i a  i n  t h e  nominal mode. The u n i t  can 
handle  e x t e r n a l  heat  l e a k s  o f  250 Btu/hr i n  ( f o r  day EVA) and 
350 Btu/hr o u t  ( f o r  n i g h t  E V A ) .  For metabol ic  heat  removal,  
c o l d  water i s  c i r c u l a t e d  a t  t h e  r a t e  of  4 lbs/min from t h e  
PLSS through t u b e s  i n  d i r e c t  c o n t a c t  w i t h  t h e  s k i n .  The g a s  
v e n t i l a t i o n  loop  removes C 0 2 ,  mois tu re ,  p rov ides  a cont inuous  
f low of  oxygen, and c o n t r o l s  t o t a l  p r e s s u r e .  The PLSS u n i t  
has a two-way vo ice  communication system and t e n  channels  of  
t e l e m e t r y  f o r  data  t r ansmiss ion  t o  E a r t h .  Telemetered measure- 
ments w i l l  permit  a n  assessment of  s u i t  p r e s s u r e ,  H 2 0  q u a n t i t y ,  
oxygen supply,  power u s e  r a t e ,  thermal  performance, and c r i t i c a l  
medica l  parameters. 

A redundant  oxygen supply  system,** s e p a r a t e  from t h e  
PLSS, i s  a l s o  provided.  T h i s  i s  a 3 . 5  l b  u n i t  which c o n t a i n s  
0 .2  l b  o f  oxygen s t o r e d  a t  7,500 p s i .  T h i s  u n i t  i s  a s a f e -  
guard  a g a i n s t  f a i l u r e s  a s s o c i a t e d  w i t h  t h e  fo l lowing :  

1. High s u i t  l e a k  

2 .  Low s u i t  p r e s s u r e  

*The new weight estimate f o r  t h e  PLSS u n i t  i s  approximately 
70-75 l b s .  

**The emergency O 2  system i s  under s tudy  t o  p rov ide  p o s s i b l y  
30 minutes  supply a t  purge f low r a t e  of 8 l b / h r .  T o t a l  weight 
i n c l u d i n g  4 l b s  u suab le  oxygen w i l l  b e  approximately 25-30 l b s .  



BELLCOMM, I N C .  -3- 

3. 

4 .  

5.  

6 .  

7 .  

8 .  

9 .  

10. 

11. 

Fan 

0 p r e s s u r e  r e g u l a t o r  2 
L i O H  

Coolant pump 

Subl imator  

Oxygen t a n k  

Gas l i n e  

Liquid  l i n e  

Water r e  servo  i r  

The emergency oxygen supply s y s t e m  w i l l  p rov ide  
approximately 6 minutes  o f  a d d i t i o n a l  t i m e  a t  a use  r a t e  o f  
2 l b / h r  d u r i n g  t h e  purge mode. T h i s  u n i t  i s  not  rechargeable .  

garment,  helmet,  b o o t s ,  and g loves .  The s u i t  p rovides  p r e s s u r e  
p r o t e c t i o n  w i t h  s u f f i c i e n t  m o b i l i t y  t o  accomplish t h e  ea r ly  
l u n a r  miss ions  on f o o t .  The u r i n e  c o l l e c t i o n  bag i s  i d e n t i c a l  
t o  t h e  Gemini c o n f i g u r a t i o n  except  for minor m o d i f i c a t i o n .  The 
EMU p rov ides  f o r  f e c a l  c o l l e c t i o n  bu t  no d i s p o s a l  d u r i n g  t h e  
p r e s s u r i z e d  s u i t  mode. 

The P r e s s u r e  Garment Assembly c o n s i s t s  o f  t h e  b a s i c  

The l i q u i d  cooled garment i s  worn under  t h e  s u i t  next  
t o  t h e  s k i n .  The PLSS c i r c u l a t e s  water as a c o o l a n t  th rough 
p o l y v i n y l  c h l o r i d e  t u b i n g  sewn i n t o  t h e  garment ( i n  d i r e c t  
c o n t a c t  w i t h  t h e  s k i n ) .  

The thermal-meteoroid garment i s  worn over  t h e  e n t i r e  
p r e s s u r e  garment t o  p r o t e c t  t h e  s u i t  from c u t s ,  a b r a s i o n s ,  and 
p e n e t r a t i o n  of meteoroid p a r t i c l e s  t r a v e l i n g  a t  v e l o c i t i e s  up t o  
30 km/sec. It a l s o  provides  p a s s i v e  thermal c o n t r o l .  The 
p r e s e n t  p l a n s  are t o  i n t e g r a t e  t h e  thermal-meteoroid garment w i t h  
t h e  p r e s s u r e  garment assembly .  

me tabo l i c  energy t o  ope ra t e .  The t e s t s  conducted t o  da te  i n d i c a t e  
t h a t  metabol ic  expend i tu re  for walking i n  t h e  p r e s s u r i z e d  s u i t  
w i l l  r e q u i r e  up t o  tw ice  a s  much energy as t h a t  of t h e  unpres su r i zed  
s u i t  under one g .  The data a lso i n d i c a t e  t h a t  metabol ic  expend i tu re  

A s  i s  appa ren t ,  t h e  Apollo s u i t  r e q u i r e s  a l o t  o f  
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f o r  walking w i l l  be  reduced up to 50% due to 1/6 g l u n a r  e n v i -  
ronment*. From t h e s e  d a t a  it i s  expected t h a t  t h e  a s t r o n a u t  
should be a b l e  to t r a v e l  a t  t h e  r a t e  of approximate ly  3 km/hr 
wi thout  any undue thermal  stress. 

Based on t h e  p re sen t  d e s i g n  c o n f i g u r a t i o n  and f a i l u r e  
mode of t h e  EMU, t h e  a s t r o n a u t  a t  no t ime can walk more than  
twenty-s ix  minutes'') away (approximate ly  1 k m )  from t h e  space-  
c r a f t  b e f o r e  he has  to s t a r t  walking back. T h i s  i s  based on 
t h e  nominal use  r a t e  to t h i s  p o i n t ,  which i s  0.113 l b  of oxygen 
a t  a use  r a t e  of 0.26 l b / h r ,  and t h e  emergency use r a t e  of 
2 l b / h r ,  which i s  0.867 l b  o f  oxygen f o r  twenty-s ix  minutes .  
T h i s  adds up to 0.98 l b  of oxygen and t h e  t o t a l  u s a b l e  oxygen 
suuply  is  1.13 l b .  T h i s  l e a v e s  0.15 l b  of oxygen to g e t  out  
of and i n t o  t h e  s p a c e c r a f t ;  c u r r e n t  e s t i m a t e s  i n d i c a t e  t h a t  
t h i s  may not be enough and thus  t h e  1 k m  range may be f u r t h e r  
reduced. Based on t h e  above c r i t e r i a ,  t h e  miss ion  envelope 
i s  shown i n  F igure  1, adapted from Reference 1. The a s t r o n a u t  
must s t a y  w i t h i n  t h i s  envelope.  If he works h a r d e r  or has  a 
g r e a t e r  s u i t  l eakage  r a t e ,  t h e  envelope i s  f u r t h e r  reduced.  
The e a r l y  Apollo m i s s i o n s  w i l l  have to conform to t h i s  enve lope .  

I n  some of  t h e  r e c e n t  1/6 g s i m u l a t i o n  t e s t s ,  i t  has  
been observed t h a t  t h e  a s t r o n a u t  may expe r i ence  a g r e a t  d e a l  
of d i f f i c u l t y  i n  main ta in ing  h i s  ba l ance ,  and t h i s  may p u t  a 
f u r t h e r  l i m i t a t i o n  on t h e  d i s t a n c e  the  a s t r o n a u t  may be a b l e  to 
walk away from t h e  s p a c e c r a f t .  Some of t h e  r e c e n t  underwater  
s t u d i e s  conducted by General E l e c t r i c  i n  a 1/6 g s i m u l a t i o n  
s u b s t a n t i a t e  t h i s  problem and recommend t h a t  t h e  a s t r o n a u t  a t  
a l l  times must be provided w i t h  a t  l e a s t  one s t a f f  to a i d  i n  
ma in ta in ing  h i s  ba l ance  on t h e  l u n a r  s u r f a c e .  T h e i r  s t u d i e s  
i n d i c a t e  t h a t  t h e  a s t r o n a u t  may no t  be a b l e  to deploy t h e  
ALSEP package on t h e  e a r l i e r  Apollo mis s ions  a s  p r e s e n t l y  
conceived.  

During t h e  l u n a r  AAP phase,  i t  i s  a n t i c i p a t e d  t h a t  
t h e  hard  s u i t  w i l l  be  a v a i l a b l e .  C u r r e n t l y ,  t h e r e  i s  very  
l i t t l e  in fo rma t ion  a v a i l a b l e  on t h i s  excep t  t h a t  i t  w i l l  be 
l e s s  vu lne rab le  to abras ion  and punc tu re  due to i t s  proposed 
meta l  and p l a s t i c  c o n s t r u c t i o n .  The s u i t  w i l l  be designed to 
have a ve ry  low leakage  r a t e ,  w i l l  be l i g h t e r ,  and w i l l  p ro -  
v i d e  inc reased  m o b i l i t y  because t h e  j o i n t s  a r e  designed to 
a l low bending wi thou t  volume change. 

* T h i s  i s  based on MSC d a t a  and i s  c o n t r o v e r s i a l .  Roth 
(NASA SP-84, B i o e n e r g e t i c s  o f  Space S u i t s  f o r  Lunar Exp lo ra t ion ,  
by E .  M.Roth, 1966) a n t i c i p a t e s  a 34% i n c r e a s e  over  1 g l e v e l s .  
We w i l l  know more about  t h i s  a f t e r  t he  f i r s t  Apollo f l i g h t .  



BELLCOMM, I N C .  - 5 -  

Lunar S c i e n t i f i c  Survey Module (LSSM) 

The Lunar S c i e n t i f i c  Survey Module f o r  l u n a r  s u r f a c e  
m o b i l i t y  i s  expected t o  be  a v a i l a b l e  d u r i n g  t h e  p o s t  Apollo 
p e r i o d .  The proposed bas ic  c o n f i g u r a t i o n  of the LSSM v e h i c l e  
i s  omit ted f o r  the purposes  of t h i s  memorandum; however, some 
of t he  s i g n i f i c a n t  c a p a b i l i t i e s  of t h i s  rov ing  v e h i c l e  are 
planned t o  i n c l u d e  a g r o s s  payload c a p a b i l i t y  of approximately 
1,000 pounds, an  approximate range  of 8 km and a n  average 
approximate speed of 4 km/hr o r  more. The LSSM w i l l  have pro-  
v i s i o n  to c a r r y  two spare PLSS u n i t s ;  t h e o r e t i c a l l y  t h i s  w i l l  
p rov ide  9 hours  of continuous a s t r o n a u t  s e p a r a t i o n  f rom the 
s p a c e c r a f t .  

I n  o rde r  t o  determine the enhanced c a p a b i l i t y  and 
l i m i t a t i o n s  on the LSSM and a s t r o n a u t ,  the  fo l lowing  observa-  
t i o n s  may be made based on a s i n g l e  f a i l u r e  mode a n a l y s i s  
(F ig .  2 ) :  

1. 

2 .  

I f  t h e  LSSM veh ic l e  f a i l s  on any excur s ion ,  t he  
. a s t r o n a u t  w i l l  be capable  of r e t u r n i n g  t o  t h e  space- 

c r a f t  from a range of 8 k m  provided a f u l l y  charged 
PLSS u n i t  i s  a v a i l a b l e  ( a n  a s t r o n a u t  i s  assumed 
capable  of t r a v e l i n g  a t  the  rate of approximately 
3 h / h r ,  and a PLSS u n i t  has 3 hour s  of nominal 
excur s ion  c a p a b i l i t y ) .  Thus, t h i s  f a i l u r e  mode 
d i c t a t e s  that  from a d i s t a n c e  of 8 h the a s t r o n a u t  
should start  back a t  the end of s ix  hxirs of 
s e p a r a t i o n  from. t h e  spacecraft. 

If the  PLSS u n i t  f a i l s  ( c o n s i d e r i n g  t h e  worst  c a s e  
where one PLSS u n i t  i s  completely l o s t )  the  a s t r o -  
naut  w i l l  be capable  o f  r e t u r n i n g  t o  t he  s p a c e c r a f t  
i n  the  LSSM v e h i c l e  provided he has a minimum of 
2 hour s  of s e p a r a t i o n  c a p a b i l i t y  l e f t  i n  h i s  PLSS 
u n i t  (LSSM average speed 4 km/hr ) .  T h i s  f a i l u r e  
mode d i c t a t e s  that from a d i s t a n c e  of 8 lan the  
a s t r o n a u t  should start back a t  t he  end of  
4 hours  of s e p a r a t i o n  from the  s p a c e c r a f t .  

S ince  the  second f a i l u r e  mode i s  o v e r r i d i n g ,  the  
a s t r o n a u t  i n  a l l  c a s e s  w i l l  have t o  p l a n  on s t a r t i n g  the r e t u r n  
t r i p  from a d i s t a n c e  of 8 km at the  end of the 4th hour of 
s e p a r a t i o n  from the spacec ra f t .  Thus, w i t h  the a v a i l a b i l i t y  
of the  LSSM v e h i c l e ,  t he  a s t r o n a u t  r ange  c a p a b i l i t y  on the 
l u n a r  s u r f a c e  may be inc reased  by approximately one o r d e r  of 
magnitude, bu t  the s t ay t ime  a t  maximum r a n g e  i s  only 2 hour s  
( 4  hour s  less  2 hour s  t r a v e l - o u t  t i m e ) .  
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Lunar F ly ing  V e h i c l e  (LFV) 

One of t h e  most promising means of l u n a r  m o b i l i t y  
i s  by the  use of the  Lunar F ly ing  Vehicle .  T h i s  t y p e  of 
v e h i c l e  w i l l  be q u i t e  a t t r a c t i v e  f rom the s t a n d p o i n t  of a s t r o -  
naut  s a f e t y ,  range,  minimum t r i p  time and maximum s c i e n t i f i c  
r e t u r n .  Also, t h e  f l y i n g  veh ic l e  w i l l  p rov ide  c a p a b i l i t y  t o  
i n v e s t i g a t e  remote a r e a s  which o therwise  would be i n a c c e s s i b l e  
t o  t y p e s  of s u r f a c e  mob i l i t y  a i d  such as LSSM o r  by walking. 

Var ious  t y p e s  o f  manned f l y i n g  sys t ems  have been 
proposed by Bell Aerosystems, depending on the o b j e c t i v e s  and 
s t r a t e g y  of the l u n a r  e x p l o r a t i o n  program and modes of payload 
d e l i v e r y  c a p a b i l i t i e s  on t h e  l u n a r  s u r f a c e .  

One of the  proposed f l y i n g  u n i t s ( 2 )  can c a r r y  two 
p r e s s u r e  s u i t e d  a s t r o n a u t s  f o r  a d i s t a n c e  of 15 mi l e s  out and 
r e t u r n .  Up t o  300 pounds of payload may be c a r r i e d  i n s t e a d  
of t h e  second a s t r o n a u t .  

However, f r o m  t h e  s tandpoin t  of payload l i m i t a t i o n s  
( a p p l i c a t i o n  w i t h  a s i n g l e  launch v e h i c l e ) ,  c o s t ,  development 
t i m e ,  and early a p p l i c a b i l i t y ,  a one-man f l y i n g  u n i t  may be 
more f r u i t f u l .  Some of the s i g n i f i c a n t  parameters f o r  such a 
v e h i c l e  as proposed by B e l l  Aerosystems are desc r ibed  below: 

Dry weight p l u s  r e s i d u a l s  

Usable  p r o p e l l a n t  capac i ty  

Astronaut  weight 

ISP 
Maximum payload 

146 l b  

273 l b  

295 1 b  

285 see 

200 l b  

The LFV ( F i g u r e  3) u t i l i z e s  two roc,,et nozz le s  w d c h  
are gimbal mounted and c o n t r o l l e d  d i r e c t l y  by o p e r a t o r  hand, 
a r m ,  and shoulder  motions.  The p ropu l s ion  sys t em u t i l i z e s  LM 
p r o p e l l a n t s ,  Helium i s  s to red  i n  t h e  two p r e s s u r e  vessels on 
e i t h e r  s ide of p r o p e l l a n t  t anks  and used as the  p r e s s u r a n t  to 
e x p e l  the  l i q u i d  p r o p e l l a n t s .  The v e h i c l e  u s e s  visual /manual  
gu idance  t echn iques  and a timer i s  provided  f o r  t r a j e c t o r y  
c o n t r o l  and guidance.  Figure 4 shows round t r i p  performance 
of LFV when c a r r y i n g  50 l b s  of  payload i n  a d d i t i o n  t o  the astro- 
n a u t ,  wi th  r e f u e l i n g  f o r  a t o t a l  of 1,000 l b s  of p r o p e l l a n t .  
F i g u r e  5 shows t h e  amount of p r o p e l l a n t  r e q u i r e d  t o  d e l i v e r  a 
payload  and r e t u r n  w i t h  no payload. F igu re  6 shows the amount 
of p r o p e l l a n t  r e q u i r e d  t o  accomplish a s i n g l e  s o r t i e  i nc lud ing  
a number of s tops .  



BELLCOMM. I N C .  - 7 -  

The example c i t e d  above i s  f o r  i l l u s t r a t i v e  purposes  
and mod i f i ca t ions  w i l l  be r equ i r ed  based on miss ion  o b j e c t i v e s  
and des ign  c r i t e r i a .  For  example, p r o v i s i o n  f o r  a s t r o n a u t  
safety a g a i n s t  impingement of  ho t  gases from nozz le  exhaust  
w i l l  be r e q u i r e d .  
payload c a p a b i l i t y  to 300 l b s  so  that the v e h i c l e  may be used 
f o r  r e s c u e  purposes;  bet ter  guidance t echn iques  o t h e r  t h a n  th .ose 
proposed may a l s o  be r equ i r ed .  

Other mod i f i ca t ions  may i n c l u d e  inc reased  

The l i m i t a t i o n s  on the  use  of the Lunar F ly ing  
Vehic le  may be reasoned on s i m i l a r  l i n e s  as i n  t h e  c a s e s  of 
a s t r o n a u t  excur s ions  on foo t  and by t he  use  of LSSM v e h i c l e .  
I n  the  case  of LFV f a i l u r e ,  t h e  a s t r o n a u t  w i l l  have t o  be 
rescued  by a second LFV mission.  For  t h e  case  of PLSS u n i t  
f a i l u r e ,  e i t h e r  the  a s t r o n a u t  w i l l  have t o  be provided with a 
s p a r e  PLSS u n i t  which w i l l  b e  a p a r t  of the payload,  o r  the 
s t ay t ime  a t  a remote s i t e  would have t o  be l i m i t e d  t o  a l low 
t i m e  t o  fls back on the remaining oxygen, i n  the emergency mode. 

i n  the  LFV are l i m i t e d  t o  a very few minutes .  
un l imi ted  by  cont ingency cons idk ra t ions .  

S ince  f l i g h t  times 
range  i s  v i r t u a l l y  

111. CONCLUSIONS 

The three forms of l u n a r  m o b i l i t y  systems,  namely, 
a s t r o n a u t  on f o o t ,  u se  of t h e  LSSM v e h i c l e ,  and u s e  of t h e  
Lunar F ly ing  Vehic le ,  are b r i e f l y  d i scussed  a long  with t h e i r  
range,  c a p a b i l i t i e s  and l i m i t a t i o n s .  While the m e r i t s  of 
each  form e i t h e r  i n d i v i d u a l l y  o r  j o i n t l y  are dependent upon 
the o b j e c t i v e s  of t h e  l u n a r  e x p l o r a t i o n  program, c e r t a i n  i n -  
h e r e n t  advantages  a r e  a s s o c i a t e d  w i t h  the use  of the Lunar 

s e r i o u s  c o n s i d e r a t  ion.  
F l y i n g  Vehic le  and i t  i s  should be g iven  

1012-RS-bl R .  Sehgai  
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